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OnchocerciasisA Bacterial Artiﬁcial Chromosome (BAC) library was made from wild-caught Simulium squamosum, which is
an important vector of human onchocerciasis. The library is composed of 12,288 BACs, with an average insert
size of 128 kb, and is expected to contain ~1.54 GB of cloned DNA. Random BAC-end sequencing generated
over 95 kb of DNA sequence data from which putative S. squamosum gene sequences and novel repetitive
DNA families were identiﬁed, including DNA transposons, retrotransposons and simple sequence repeats
(SSRs). The sequence survey also provided evidence of DNA of microbial origin, and dissection of sample
blackﬂies indicated that some of those used to prepare the library were likely to be parasitized by the
mermithid Isomermis lairdi. Hybridisations with a set of three independent blackﬂy single-copy genes and
twoWolbachia genes suggest that the library provides around 13-fold coverage of the S. squamosum genome
and about 12-fold coverage of its Wolbachia endosymbiont.The Natural Histor
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Onchocerciasis (commonly known as river blindness) is a
severely debilitating disease caused by infection with the ﬁlarial
worm Onchocerca volvulus (Nematoda: Filarioidea). Affected indivi-
duals suffer from skin disease and varying degrees of visual
impairment. The WHO estimates that around 37 million people are
infected with the disease and that over 800,000 of these are
completely blind or have severe visual impairment [1]. Over 99% of
these cases occur in Africa where 95% is transmitted by the blood-
sucking blackﬂy Simulium damnosum s.l. (Diptera: Simuliidae).
Simulium damnosum s.l. is not a single species, but a complex of up
to 55 different cytospecies (sibling species described on the basis of
chromosome variation) which show differences in their ecology,
behaviour and competencies as disease vectors [2]. From cytotax-
onomic studies, Simulium squamosum appears to be chromosomally
central within the complex, and it is also an important vector of
onchocerciasis making it a suitable model [2].
Although an important disease vector and a target for disease
control, relatively little is known about the molecular genetics of the
S. damnosum complex. DNA sequence deposits for Simulium fall
far below those for other dipterans of medical importance such asy Museum,
lsevier Inc. All rigmosquitos (Culicidae) and sandﬂies (Phlebotominae) (NCBI: http://
www.ncbi.nlm.nih.gov/ January 2010) [3], and little is known of
genes that would be speciﬁcally relevant to disease control. BAC
libraries have been used inmosquitoes for the development of tools to
track-down and to characterise these sorts of genes, for example those
associated with insecticide resistance and pathogen immunity [4–6].
Molecular karyotyping has also been developed in mosquitoes and
could be developed for the cytospecies identiﬁcation of all life-stages
of the S. damnosum complex [7]. The technique requires the
characterisation of chromosomal inversion break-points (in order to
design the break-point diagnosing PCR primers) and the successful
characterisation of inversion break-points has historicallymade use of
a completely sequenced reference genomic DNA, or a large-insert
genome library (such as a BAC library), or both [8–10].
The value of such a library is, however, not just limited to
taxonomy and gene discovery and characterisation. Large-insert
genomic DNA libraries can be a good starting-point for genome
projects. Sequenced or ﬁngerprinted large insert clones (typically
BACs) are very often the building blocks used to construct the physical
frame-work for complete genome sequencing [11]. For example, BAC
libraries were used in the genome projects for Anopheles gambiae,
Aedes aegytpi, Drosophila melanogaster and the Wolbachia endosym-
biont of Brugia malayi [12–15]. Moreover, a BAC library from S.
squamosum will also provide a potentially unlimited supply of
traceable and renewable genomic DNA from a known cytospecies
that would normally require specialist identiﬁcation and would
typically provide only one microgram of DNA per insect.hts reserved.
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Field collection, identiﬁcation and parasitism of blackﬂy larvae for a BAC
library
In total, over 3300 blackﬂies were ﬁeld collected from Boti falls on
the River Pawnpawn and were morphologically identiﬁed as
members of the S. damnosum complex. Approximately 3000 of these
were preserved in liquid nitrogen and ultimately used for the S.
squamosum BAC library (see methods for further details). In addition
to the specimens collected to prepare the library, ~300 larvae were
collected and preserved in Carnoy's solution (ethanol: acetic acid, 3:1)
and used as a voucher population for cytological and parasitic
infection assessment. Forty-nine voucher specimens were cytotyped
and all were identiﬁed as S. squamosum. Since 1975, a total of
960 cytospecies identiﬁcations have been made from this site (80
reported here for the ﬁrst time from specimens collected between
2006 and 2008, including the 49 larvae collected simultaneously with
those used for BAC library construction), and 880 reported previously
[16]. Over 98% of these identiﬁcations have been S. squamosum, with
all other specimens identiﬁed as Simulium yahense (which is
cytogenetically and phylogenetically most closely related to S.
squamosum [17]), but S. yahense has never been recorded in
November (at the beginning of the dry season) when these specimens
were collected [18]. It follows that the DNA used to prepare this
library is expected to derive entirely (or almost entirely) from S.
squamosum. Parasitic examination also revealed that 21% (21/100) of
the blackﬂy larvae were harbouring one or more Isomermis lairdi
(Nemadota: Mermithidae) [16].
Library size
Following DNA extraction, cloning and colony picking, a BAC
library containing a total of 12,288 colonies was arrayed into thirty-
two 384-well plates. Copies of this library have been deposited at the
London School of Hygiene and Tropical Medicine and the Natural
History Museum, London. Fig. 1 shows a pulsed-ﬁeld electrophoresis
gel with ten randomly selected (and restriction enzyme digested) BAC
DNA preparations. Size estimations from these digests and a further
58 (not shown) suggest that the average cloned DNA fragment insert-Fig. 1. A pulsed-ﬁeld electrophoresis gel showing digests of ten randomly selected puriﬁed B
are loaded in the two ﬂanking lanes.size is ~130 KB, with just one of the BACs appearing to be empty.
Based on these digests and on the BAC end-sequencing (see below) a
total of 129 BACs have been assessed for the presence of inserts and of
these ﬁve (3.9%) appear empty. The S. squamosum BAC library
described here is thus estimated to contain 1.54 GB of cloned DNA.
Library coverage and composition estimates
There is no genome-size estimate for S. squamosum, but an
independent assessment of genome representation within the BAC
library was carried out by hybridising three genes that are expected to
be single-copy in S. squamosum and two genes from Wolbachia (see
below). Table 1 provides a list of the putative single-copy genes
hybridised to the above BAC library and provides the resultant
genomic representation estimates for each gene. For both the CYP10
and CYP6 simuliid genes used for the experiments described here,
estimates are based on hybridisations to a complete library, whereas
the estimate from the CG8545-gene is extrapolated from a hybridisa-
tion to a subsection of the library composed of 4608 clones (37.5% of
the library). The two Wolbachia genes were each independently
hybridised to half the library (6,144 clones).
None of the ﬁve genes hybridised to the library hybridised to the
same BAC clones and so they can all be regarded as independent, and
thus not in close cytological proximity (as already indicated by in-situ
hybridisation of the CYP6 and CYP10 genes [19]). In summary, the
results from these experiments suggest that the S. squamosum
genome has an approximate 13-fold representation within the library
and the Wolbachia genome 12-fold (Table 1).
BAC-end sequence survey
A total of 106 BAC-end sequence reads were taken as part of this
survey. Ninety of these sequences were paired (from either end of the
same BAC) and thus sequence data was obtained from 61 individual
BACs. Seven sequence reads contained longer than expected (N400
nucleotides) vector DNA matches suggesting that the four BACs from
which they came from did not contain an insert, and therefore it
seems that about ~6% of the BACs are empty. Following the removal of
these sequences, and of the expected 5' vector sequence from the
remaining reads, the survey provides 95,261 nucleotides (with aAC preparations. Sizes of DNA markers are shown in kilobases to the left of the gel and
Table 1
Simulium damnosum s.l. genes used for library screening.
Gene Accession
number
Forward primer Reverse primer Clones
screened
Positive
clones
Estimated Library
representation
CYP6 AF010409 5'-GGACACGTTCATGTTCGAAG-3' 5'-CGCATTAGCAACTTACCAATC-3' 12,288 (×2) 13 13
CYP10 AF010411 5'-GGATACGTTCATGTTCGAGG-3' 5'-GCAACGTTCCATCATGCAC-3' 12,288 (×2) 8 8
CG8545-like FN870959 5'-CTCGGAGGNATHCCNTAYGCNCAR-3' 5'-CTCAAGRTCRTANACRTCNAGNGT-3' 4608 6 18
RNA polymerase
beta-subunit (rpoB)
FN563973 5'-TCGGTCAGGTAGTAGAGGAAT-3' 5'-GTCATCACGCAACAATACTAT-3' 6144 5 10
FTSZ FN563974 5'-GTTGTCGCAAATACCGATGC-3' 5'-CTTAAGTAAGCTGGTATATC-3' 6144 7 14
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corresponds to approximately 962 bp per read. A total of 99 such
reads have thus been deposited in the EMBL database as genome
survey sequences with accession numbers FN859775–FN859873.
BLASTx and tBLASTx searches revealed that for those BAC-end
sequences that showed good database matches, all but two (approx-
imately 87%) best-matched sequences from other insects (see Table 2)
and in all but one case best-matched a Dipteran sequence. The two
non-insect matches were to Methanoculleus marisnigri, a methano-
genic archaea. The various sequence matches mostly correspond to
postulated gene sequences with a variety of predicted functions (see
Table 2). Although the BLAST searching did identify ﬁve out of 99 BAC-
end sequence reads that best-matched nematode sequence deposits,
these matches were always very poor (with E-values greater than
0.62). The sequence data thus indicates that a high proportion of the
cloned DNA in this library derives from S. squamosum and did not
provide any evidence of I. lairdi DNA being cloned.
Table 3 provides a summary of the repetitive elements identiﬁed
by the repeat masker program. This analysis classiﬁed ~4.5% of the
total sequence DNA as repeats and identiﬁed: four retroelements, a
DNA transposon family, eight simple sequence repeats (SSRs) and 44
low complexity AT-rich sequences. As would be expected, the same
sequence (BACA4 T7) that was identiﬁed as a LINE-like element with
the BLASTx homology searches (Table 2) is also identiﬁed as a LINE-
like element by the repeat masker software (Table 3).
Discussion
Simulium squamosum BAC library composition and coverage
The only known blackﬂy genome size is from Prosimulium
multidentatum, which is estimated to be 187 MB [20]. Assuming S.
squamosum to have the same genome size and neglecting the
possibility of non-target DNA cloned within the library (from gut
contents, mermithids and Wolbachia for example) this would
translate to ~8.2-fold coverage of the whole genome. The coverageTable 2
Gene sequences identiﬁed from BAC-end sequencing using a various BLAST searches (detai
BAC-end sequence
accession number
Best match in (nr) data base (found with BLASTx)
Description Host taxa
FN859801 Glutamate dehydrogenase Drosophila willistoni
FN859783 LINE retrotransposon Aspergillus ﬂavus
FN859776 Talin protein Aedes aegytpi
FN859818 putative polyprotein Phytophthora infestans
FN859857 unnamed protein product Nicotiana tabacum.
FN859835 abc transporter Anopheles gambiae
FN859815 conserved hypothetical protein Aedes aegypti
FN859802 hypothetical protein Aedes aegypti
FN859792 Kelch repeat protein Aedes aegytpi
FN859781 conserved hypothetical protein Culex quinquefasciatus
FN859811 Broad-complex core-protein Aedes aegytpi
FN859848 hypothetical protein Methanoculleus marisnigr
FN859810 hypothetical protein Methanoculleus marisnigr
FN859845 galactosyltransferase Anopheles gambiae
FN859872 conserved hypothetical protein Anopheles gambiaewe have estimated from the hybridisation experiments is only slightly
higher (i.e. 8 to 18-fold coverage), and this is not surprising because
the chromosomes of Prosimulium multidentatum are usually regarded
as larger than other blackﬂies (Brockhouse, personal communication).
From these coverage estimates (neglecting the existence of cloned
non-target DNA) the S. squamosum genome could be expected to be
between 87 and 196 MB. This would place the S. squamosum genome
towards the bottom of the known dipteran genome sizes.
Typically, a given gene (or genomic locus like an inversion
breakpoint) would be expected to occur in a 5-fold covered BAC
library with a probability of 99.3% and to occur in a 10-fold covered
BAC library with a probability of N99.99% [21] and thus any library
with greater than 5-fold coverage is likely to provide a useful resource.
Many physical frameworks have been assembled from BAC libraries
with between 4 and 12-fold coverage [11,22]. The BAC library
currently being used for the NIH-funded Aedes aegytpi genome
project, for example, has an estimated 7.9-fold BAC coverage [23,24].
BAC libraries from small arthropods are typically prepared from
highly inbred laboratory strains in order to minimise contamination
(by commensals such as parasites and gut contents for example) and
genetic diversity [25]. Too much genetic diversity can mean that BACs
that cover the same region of the genome have different ﬁngerprints,
and this complicates the assembly of over-lapping contigs (BAC tiling)
on which genomic physical frameworks are built. Polytene chromo-
somes and the cytological tools used to map them (such as in situ
hybridization [19] and laser-assisted micro-dissection [26]) make the
tiling of individual BACs less dependent on their individual sequence
and ﬁngerprints, and thus the utilisation of a S. squamosum BAC library
will be more tolerant of genetic variation [27]. Nevertheless, we have
minimised the genetic diversity of our BAC library by collecting all the
specimens used for this library simultaneously from a single site on a
single river that should contain only S. squamosum.
There is a growing interest in the Wolbachia that affect medically
import insect vectors because it might provide a mechanism to drive
disease-refectory genes through a wild vector population and certain
Wolbachia strains can themselves encode these genes [28]. The Brugialed in the methods) and a 1×1020 E-value cut-off.
Best match in (wgs) found with tBLASTx
Hit quality (e-value) Hit quality (e-value) Host taxa
1.69E-146 1.69E-171 Drosophila virilis
1.08E-070 6.50E-093 Aedes aegypti
1.19E-079 6.79E-080 Culex quinquefasciatus
5.95E-049 2.44E-076 Bombyx mori
1.83E-043 1.03E-070 Aedes aegypti
8.48E-053 8.67E-064 Anopheles gambiae
1.30E-057 2.47E-057 Anopheles gambiae
1.08E-047 3.22E-048 Culex quinquefasciatus
8.99E-042 2.98E-046 Aedes aegypti
9.40E-035 1.36E-043 Culex quinquefasciatus
1.05E-019 9.90E-039 Aedes aegypti
i 3.75E-032 – –
i 4.87E-032 – –
6.05E-026 5.75E-028 Anopheles gambiae
6.87E-023 6.10E-018 Culex quinquefasciatus
Table 3
Repetitive DNA sequences identiﬁed from BAC-end sequencing.
Type of repeat Class Copy number BAC-end sequence accession number(s)
Retroelement LINE element: RTE/Bov-B 1 FN859783
LTR elements: Ty/copia 2 FN859857; FN859781
LTR element: Gypsy/DIRS1 1 FN859867
DNA transposons Tc1-IS630-Pogo 1 FN859796
Simple Sequence Repeats (SSRs) (TTAAA)n repeats 2 FN859849; FN859817
(CA)n repeats 2 FN859860; FN859827
(TC)n repeats 1 FN859800
(CAGT)n repeats 1 FN859833
(ATG)n repeats 1 FN859813
(TA)n repeats 1 FN859821
Low complexity repeats AT-rich repeats 44 FN859780; FN859781; FN859792; FN859796; FN859797; FN859802; FN859803;
FN859805; FN859813; FN859816; FN859817; FN859820; FN859821; FN859824;
FN859837; FN859840; FN859843; FN859849; FN859853; FN859856; FN859857;
FN859859; FN859866; FN859867; FN859869; FN859871
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fold genomic coverage [29] and thus it seems very likely that the
estimated 10- to 14-fold coverage offered by our library will provide
sufﬁcient coverage to sequence the whole genome of the Wolbachia
strain associated with S. squamosum.
BAC-end sequence survey
Consistent with the high levels of S. squamosum genomic DNA
predicted from the single copy gene hybridisation experiments, the
end-sequencing survey data suggest that most of the cloned DNA is of
S. squamosum origin. We did not ﬁnd mermithid (nematode)
sequences in the BAC-end sequencing survey of 57 BACs, and we
did not screen the BAC library with nematode-speciﬁc probes
(because there are no known single-copy genes from mermithids,
and other nematodes such as Caenorhabditis and Brugia for which
there is appropriate genomic information are very distantly related).
However, Isomermis lairdi was certainly present in some of the
blackﬂy specimens used to construct the BAC library, and it is likely
that it is usefully represented in the library. Similarly,Wolbachia DNA
was not detected in the BAC-end sequencing survey, although it was
detected by screening the library. The only BACs which yielded clear
non-blackﬂy DNA sequences best-matched Methanoculleus marisnigri
which is a methanogen found in freshwater where it decomposes
anaerobic organic deposits. It is therefore the sort of microorganism
that might be expected in the gut of ﬁlter-feeding aquatic insects in
the tropics. It is worth noting that BAC libraries made from lab-reared
mosquitoes used for genome sequencing projects have typically been
made from specimens speciﬁcally chosen to minimise the represen-
tation of non-target DNA, such as pupae (that have less gut ﬂora than
larvae), but in spite of this, microbial DNA is often sequenced as part of
these projects [12]. The low frequency of non-target DNA identiﬁed in
the BAC-end sequencing survey is thus encouraging both for the
practical use of this library, andmorewidely for the general possibility
of preparing libraries from wild-caught insects.
Although the repetitive DNA identiﬁed here is not the ﬁrst account
of repetitive DNA from S. squamosum [30], records of it are sparse and
none of the repetitive DNA found here has previously been recorded.
A full-length transposable element is still yet to be recorded from a
blackﬂy species, for example. The data here has thus expanded the
knowledge of repetitive DNA known to exist in the S. damnosum
complex and presents the opportunity for the development of
molecular tools for the study of the population genetics of the S.
damnosum complex, a ﬁeld which is currently underdeveloped.
Simple Sequence Repeats (SSRs) are most typically used for micro-
satellite genotyping and those discovered more than doubles the
number of loci available for the study of the S. damnosum complex
[31]. Similarly, the transposable elements could be used in the
development of transposable element-based population geneticstools. A number of such tools have been developed and used to a
great affect for the study of An. gambiae [32–34] vector ecology and
population subdivision of the S. damnosum complex [35].
Conclusions
The experiments presented here suggest that the S. squamosum
genome has 8–18 times coverage in our BAC library and that its
Wolbachia endosymbiont genome is represented between 10 and 14
times. Isomermis lairdi may also be covered. Despite the fact that this
library has been made from wild-caught insect specimens, these
ﬁndings suggest that the library contains only small amounts of non-
target DNA, but this non-target DNA may itself be useful, and we are
making the BAC library available to the various interested research
communities.
Materials and methods
Field-collection, morphological identiﬁcation and preservation of S.
damnosum s.l.
Wild blackﬂy larvae were collected from Boti falls (6˚10'N 0˚11'W)
between 23 and 28 of November 2006 by examination of potential
riverine substrates (mostly vegetation hanging into the river rapids)
which were placed in plastic bags and kept cool on icepacks during
transportation to the laboratory. In the laboratory (in Accra),
substrates with specimens were emptied into shallow trays of tap
water and live larvae (judged by movement) were identiﬁed as
deriving from the S. damnosum complex on the basis of size, colour
and dorsal tubercles [36] before being killed by freezing in liquid
nitrogen. Specimens were stored in liquid nitrogen until they were
shipped on dry ice to BioS&T (Montreal) for commercial BAC library
preparation. In total ~3000 larvae were shipped to BioS&T and used to
construct the BAC library.
Identiﬁcation and parasitism of voucher specimens
As well as the ~3000 larvae used to produce the BAC library,
around 300 voucher specimens were preserved in Carnoy's solution
(3:1 absolute ethanol:glacial acetic acid) for cytospecies identiﬁcation
and parasitism appraisal. Cytotaxonomic identiﬁcation was carried
out from preparations of silk gland polytene chromosome and
identiﬁed using the species-speciﬁc chromosomal inversions [2].
Following dissection of the blackﬂy larvae to remove the silk glands, it
became apparent that many of the larvae were parasitized with
mermithids. Identiﬁcation of these mermithids was carried-out using
the DNA barcoding methods described by Crainey et al. [16] and
infection rates (measured by dissection) were estimated from a
sample of 100 randomly selected larvae.
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The BAC librarywas constructed as a commercial service by BioS&T
(Montreal). Brieﬂy, high molecular weight DNAwas obtained from all
3000 individual larvae and was partially digested with HindIII before
being ligated into pIndigoBAC-5 obtained from Epicentre incorporat-
ed and then used to transform a DH 10B strain of Escherichia coli
competent cells, using methods modiﬁed from Riethman et al.[37].
Transformed colonies were arrayed in 384-well plates containing
60 μl of BAC library growth media (BLGM) and 5% glycerol. BLGMwas
made-up in one litre volumes containing: standard Luria Bertani (LB)
broth base, 6.27 g of K2HPO4, 1.8 g of KH2PO4, 0.5 g of Na citrate, 0.1 g
of MgSO4 7H2O, 0.9 g (NH4) 2SO4 and Millipore-Q water. BLGM was
sterilised (by autoclave) immediately after preparation. Chloram-
phenicol was added to the media immediately before use to give the
growth media a ﬁnal concentration of 12.5 μg ml−1. Sixty eight BACs
were randomly selected and RE-digested for insert size assessment by
pulsed-ﬁeld electrophoresis.
Screening the BAC library for estimation of genome coverage
In total ﬁve PCR-ampliﬁed probes were used to screen the BAC
library to estimate coverage of the S. squamosum and Wolbachia
genomes. The two P450 genes used in these experiments derive from
the CYP6 and CYP10 gene families. The sequences were obtained by
degenerate PCR [19] and are only partial gene sequences and thus can
not be assigned to P450 subfamilies. The precise sequences we have
used in our experiments are cited in Table 1 and are presumed to be
single-copy within S. damnosum s.l. genomes from previous in situ
hybridisations [19]. A third partial gene sequence was cloned and
sequenced as part of this study and was inferred to be single copy
from BLAST search results. This gene is similar to the CG8545 gene in
D. melanogaster, and appears only once within the genomes of
Anopheles gambiae, Apis mellifera, D. melanogaster, Nasonia vitripennis
and Tribolium castaneum, sharing between 76% identity (across
88 amino acid positions) with its ortholog in An. gambiae, to 72% in
T. castaneum.
Wolbachia genome representation was measured by hybridisation
of the S. squamosum Wolbachia rpoB and ftsZ genes. BLAST searches
with these sequences showed that they are each represented just
once in each of the four published complete Wolbachia genome
sequences (Accession numbers: AE017321, AE017196, AM999887,
CP001391).
Two probes were prepared from reactions each using 5 μl of S.
squamosum genomic DNA as template. This DNA was taken from a
200 μl stock isolated from a batch preparation made from six
homogenised larvae using a DNeasy blood and tissue kit (QIAGEN).
Speciﬁc PCR primers were designed using MWG software from
previously published CYP6 and CYP10 gene sequences [19]. Both
reaction mixes were composed of: 10 μl of 5× Green GoTaq Flexi
buffer; 4 μl of 25 mM MgCl2; 1 μl of 12.5 mM of each dNTP; 0.3 μl
(1.5 units) of Go Taq DNA polymerase (at 5 u μl−1), 0.5 μl of forward
primer (at a concentration of 100 pmol μl−1), 0.5 μl of reverse primer
(at a concentration of 100 pmolμl−1) and 28.7 μl of sterile distilled
water. PCR ampliﬁcation conditions were also the same: 94 °C for
2 min then forty rounds of: 94 °C for 1 min; 52 °C for 1.5 min; 72 °C for
2 min, followed by a ﬁnal round of extension for 10 min at 72 °C.
Details of the primers used in these ampliﬁcations are provided in
Table 1.
DNA probes for the S. squamosum CG8545-like gene, theWolbachia
RNA polymerase beta-subunit (rpoB) and the ftsZ gene were ampliﬁed
from sequenced T7/SP6 amplicons FN870959, FN563973 and
FN563974 respectively using the primers originally used to clone
them. Details of the primers and PCR protocol used to amplify the rpoB
and the ftsZ gene are given by Crainey et al. [38]. The same basic
reaction mix that was used to amplify the CYP6 and CYP10 genes (seeabove) was used to amplify the CG8545-like gene from genomic DNA
for cloning, but the PCR ampliﬁcation conditions differed in the primer
annealing temperature (40 °C for the ﬁrst ﬁve rounds of ampliﬁcation
before being raise to 45 °C for the remaining 35 rounds). Cloning of
the CG8545-like gene was carried out as described by Crainey et al.
[39]. The degenerate primers used in the initial ampliﬁcation were
designed manually and are listed in Table 1. PCR amplicons were
cleaned using a QIAquick PCR puriﬁcation kit and protocol (QIAGEN)
and the resultant product were recovered in sterilised Millipore-Q
water before being quantiﬁed using a NanoDrop spectrophotomer
(Thermo scientiﬁc).
Double-spotted colony-lifts were made commercially from the BAC
library by BioS&T (Montreal) using a robot, and single colony-lifts were
prepared manually using a sterile 384-pin replicator and Amersham
Hybond-N nylon membrane. Manual colony-lifts were prepared by
transferring colonies to the nylon membrane using a sterile 384-pin
replicator and then placing this nylon membrane on sterilised agar
media prepared in the samewayas theBLGM(see above) except that LB
broth was replaced with LB agar. Colonies were grown for 16–18 h and
then lysed and ﬁxed to the membrane following protocols provided by
the membrane manufacturers (Amersham). All hybridisations to all
colony-lifts were carried out using radio-labelled DNA probe at high
stringency for approximately 16 h at 42 °C in a hybridisation solution
containing 50% formamide, 6× SSPE, 5× Denhardt's solution, 0.1%SDS
and 10 mg μL−1 sheared salmon sperm (prepared following recom-
mendations by Sambrook et al. [40]). Hybridisations were carried out
following 3 h pre-hybridisation at 37 °C in 50% formamide, 6× SSPE, 5×
Denhardt's solution, 0.1%SDS and 10 mg μL−1 sheared salmon sperm.
Following hybridisation, membranes were washed in a series of four
solutions. Twice with ~1.5 litres of 2× SSC and 0.1%SDS for 20 min at
room temperature, followed by a fresh batch of the same solution at
65 °C for 30 min, and ﬁnally membranes were washed for 30 min with
1.5 l of 0.2× SSC and 0.1%SDS for 30 min at 65 °C. Washed membranes
were then exposed to storage phosphor screens (GE healthcare) and
scanned with a Typhoon variable mode imager (GE healthcare). All
probes were labelled with 32P dCTP (from NEN) using a GE healthcare
ready-to-go random labellingkit andprotocolwith100 ngof probeDNA
as template.
BAC-end sequencing
BAC preparations were made from individual colonies using a
QIAGEN plasmid Midi kit and a slightly modiﬁed BAC isolation
protocol, in which LB growthmedia was replaced with BLGM. Puriﬁed
BAC DNAwas quantiﬁed and directly Sanger sequenced at the Natural
History Museum's sequencing facility using an ABI 3730XL DNA
analyser and T7 and pIB RP primers. Vector sequence was removed
from BAC-end sequences following procedures described on the NCBI
website (http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen_docs.
html#Overview). Brieﬂy, Blastn searches were used to compare
individual BAC-end sequences to the Univec vector sequence database
and matching sequencings were trimmed using custom written
scripts. Protein-level homology searches were carried out against the
nr and wgs datasets using the BlastX and tBlastX computer programs
(using the ncbi-blast-2.2.22 versions of the programs). The datasets
were downloaded from the NCBI's blast ftp site (ftp://ftp.ncbi.nih.
gov/blast/db/). Thenr database consists of thenon-redundant protein
sequences from GenPept, SwissProt, PIR, PDF, PDB and NCBI RefSeq.
Thewgs database consists of the all of the shotgun genomic sequences
available. These searches were processed over the LSHTM 30-node
computer farm using a set of Python scripts, the results were stored in
a custom made Postgres database. Repetitive element analysis was
carried out using the open source software RepeatMasker (available
from: http://www.repeatmasker.org), which screens DNA sequences
for interspersed repeats and low complexity regions. RepeatMasker
uses cross_match which is available from http://www.phrap.org/.
256 J.L. Crainey et al. / Genomics 96 (2010) 251–257This is an effective implementation of the Smith-Waterman algorithm
using the RepBase database (http://www.girinst.org/).
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